ABSTRACT: Chagas disease is one of the main vector-borne diseases in Latin America, including Mexico. Understanding the biological parameters of the triatomine species is a crucial first step in estimating the epidemiologic importance of each group. The aim of this study was to compare the biological fitness of Meccus pallidipennis (Stål), M. bassolsae (Alejandre, Nogueda, Cortez, Jurberg, Galvão, Carcavallo) (Hemiptera: Reduviidae: Triatominae) and their laboratory hybrids, by estimating six biological parameters in order to increase the knowledge of the potential role of triatomine hybrids in the transmission of Trypanosoma cruzi to reservoir hosts. Biological parameters related to lifespan, number of blood meals to molt, mortality for each instar, percentage of females at the end of the cycle, number of eggs laid, and hatching of eggs in four cohorts of 100 specimens of M. pallidipennis, M. bassolsae, and their laboratory hybrids were evaluated and compared. In four of the six studied parameters (accumulative mortality, the percentage of females, mean number of laid eggs, and egg hatching), the hybrid cohorts had better fitness results than the parental cohorts. The increase in hybrid fitness found in our study could lead to an increase in the epidemiologic risks caused by transmission of T. cruzi to humans. Journal of Vector Ecology 44 (1): 173-178. 2019.
INTRODUCTION
American trypanosomiasis, commonly known as Chagas disease, is one of the most important vector-borne diseases in Latin America and it is non-endemic in some European countries (e.g., Spain and Italy), the United States, Canada, Australia, and Japan. This disease, caused by the protozoan parasite Trypanosoma cruzi, is transmitted by hematophagous bugs of the order Hemiptera, family Reduviidae, subfamily Triatominae (Guhl 2017) . The phenomenon of hybridation is apparently common between different species of triatomines. For instance, laboratory hybrids of Triatoma juazeirensis Costa and Felix and T. sherlocki Papa, Jurberg, Carcavallo, Cerqueira, and Barata, have shown intermediate characteristics or outstanding biological parameters that may confer on them a higher fitness compared with their parental species (Almeida et al. 2012) . Similarly, laboratory hybrids of Meccus mazzottii (Usinger), M. phyllosomus (Burmeister), and M. pallidipennis (Stål) have also shown higher fitness results than the parental cohorts involved in each set of crosses . Wild hybrids have been associated with resistance to insecticides, such as the hybrid specimens of T. platensis Neiva from Uruguay and T. delpontei Romaña and Abalos from Argentina and Bolivia, all with some sequences of ITS-1 and ITS-2 of T. infestans (Klug), representing an interbreeding phenomenon among those three species (MasComa and Bargues 2009 ). There have also been wild hybrid specimens collected with higher entomological indices than "pure" species collected altogether, such as the hybrids of M. pallidipennis and M. picturatus (Usinger), from western Mexico (Martínez-Ibarra et al. 2008). In contrast, some wild hybrids of morphologically similar, but genetically different, populations of T. dimidiata (Latreille) have shown lower fitness than their parental lines (Herrera-Aguilar et al. 2009 ). Similar to those studied populations of T. dimidiata, poorer results on the studied biological parameters were recorded when the hybrids of the three related species of Meccus, named M. pallidipennis, M. longipennis (Usinger), and M. picturatus, were compared with their parental lines (Martínez-Ibarra et al. 2015) .
Human modifications to the environment may increase epidemiological risks, facilitate endemic disease emergence, and create new suitable environments for integration and mating among different populations, potentially resulting in natural hybrids. Taking that phenomenon into consideration, it is important to study those different biological parameters to determine potential vectorial capacity of hybrid populations (Correia et al. 2013) . In Mexico, the revalidated Meccus (Carcavallo et al. 2000 , Bargues et al. 2014 (Martínez-Ibarra et al. 2009 , Martínez-Hernández et al. 2010 .
As part of the research on the biology of different hybrids of triatomine species, this study was undertaken to compare the biological characteristics of M. pallidipennis, M. bassolsae, and their hybrids. This study had two main objectives: (i) to increase the current knowledge of the potential epidemiologic importance of these two species and (ii) to contribute to the assessment of the potential roles of the hybrids of M. pallidipennis and M. bassolsae as vectors.
MATERIALS AND METHODS

Insects
The individuals used in the crossing experiments were obtained from previously established Triatominae colonies that originated in two non-overlapping areas. A laboratory colony of M. pallidipennis was established in 2016 from 39 specimens collected in Taretan (101° 55′ W, 19° 20′ N), Michoacán, Mexico. Meccus bassolsae was established in 2016 from 27 specimens from San Jerónimo Xayacatlán (99° 55′ W, 18° 14′ N) Puebla, Mexico. On initial collection, the founders of each colony were identified morphologically according to the taxonomic keys of Lent and Wygodzinsky (1979) ; the revalidation of Meccus was taken into account (Carcavallo et al. 2000 , Bargues et al. 2014 ). Colonies were maintained at 27±1° C and 75 ± 5% relative humidity (RH), similar to the laboratory conditions in previously published studies on the biology of the two species (Martínez-Ibarra et al. 2006 ). Specimens were fed on anesthetized New Zealand rabbits fortnightly. The rabbits were anesthetized according to Norma Oficial Mexicana regulations by using 0.25 ml/kg of ketamine injected intramuscularly (SAGARPA 1999) .
Crossing experiments
For the reciprocal experimental crosses in this study, ten pairs of virgin specimens from the following sets were placed by pairs in plastic jars (5 cm diameter × 10 cm height): (1) M. pallidipennis female and M. bassolsae male, and (2) M. bassolsae female and M. pallidipennis male; and the two parental lineages involved in the study, which were used as controls: (3) M. pallidipennis female and M. pallidipennis male, and (4) M. bassolsae female and M. bassolsae male. The offspring of interspecific crosses were considered hybrids based on the definition of a hybrid as "the product of the crossing of individuals belonging to two unlike natural populations, principally different species" (Mayr and Ashlock 1991) .
Laboratory conditions and biological parameters
Eggs from the couples in each cohort were grouped by date of oviposition for one week to initiate a cohort of 100 eggs each. After eclosion, groups of 1 st instar nymphs were separated by cohort into individual plastic containers (5.5 cm diameter × 10.5 cm height) with a center support of absorbent cardboard. Three days after eclosion, each cohort of nymphs was allowed to feed on immobilized and anesthetized (as previously described) New Zealand rabbits for a 1-h period. They were then given subsequent blood meals fortnightly. The bugs were maintained in a dark incubator at 27±1° C and 75 ± 5% RH under a 12:12 light/dark regimen and were checked daily for ecdysis or death. From the insects that completed their development into adult instars, ten adult couples from each cohort were taken, placed in individual containers (5.5 cm diameter × 10.5 cm height), and maintained as previously described to determine oviposition patterns. To record fecundity, all crosses were checked daily for spermatophore elimination and copulation events. To assess egg fertility, eggs from each cross were collected for 30 d and incubated under previously described laboratory conditions and hatching rate recorded. To estimate biological fitness (individual health), all the biological parameters of each hybrid cohort were compared with those obtained from the reciprocal cross and from the two parental lines.
Statistical analyses
A non-parametric Kruskal-Wallis test was used to compare the developmental cycle periods and the number of blood meals to molt in the cohorts. The Holm-Sidak method was used to compare the number of eggs laid per female. The chi-square test was used to compare frequencies. Sigma Stat 4.0 software (Systat Software Inc. 2018) was used for statistical analysis. The results were considered to be significantly different when P<0.05.
RESULTS
The median egg-to-adult development time was not significantly different (H = 0.99, df = 1, P>0.05) between the offspring of the cross of ♀ M. pallidipennis and ♂ M. bassolsae and its reciprocal cross. In contrast, the median egg-to-adult development time was significantly shorter (H = from 4.88 to 5.99, df = 2, P<0.05) in both hybrid cohorts in respect to both parental lines, M. pallidipennis and M. bassolsae. Similarly, significant differences (H = from 5.01 to 6.03, df = 2, P<0.05) were recorded when developmental nymphal times to molt from 1 st to 2 nd instars, from 2 nd to 3 rd , and from 3 rd to 4 th instars were compared among M. bassolsae and both hybrid cohorts and M. pallidipennis (Table 1) .
The median number of blood meals to molt to the next instar did not differ significantly (H = 1.27, df = 3, P>0.05) among all the studied cohorts ( Table 2 ). The percentage of accumulative mortality of 1 st and 5 th nymphal-instars, as well as the total mortality, was significantly higher (X 2 = from 5.34 to 6.22, df = 3, P<0.05) in the M. bassolsae cohort in respect to three other studied cohorts. Similarly, the total accumulative mortality of M. pallidipennis was significantly higher (X 2 = 4.99, 5.07, df= 3, P<0.05) than the two hybrid cohorts. In contrast, no significant differences (X 2 = 0.001, df = 1, P>0.05) were recorded when both hybrid cohorts were compared (Table 2) .
Non-significant differences (X 2 = from 0.01 to 1.45, df = 3, P>0.05) were found among the percentages of females produced at the end of the life cycles from all cohorts ( Table  3 ). The mean number of eggs laid per female was similar (t = 0.297, df = 1, P>0.05). In contrast, a significantly higher (t = from 4.76 to 6.34, df = 2, P = 0.004, 0.002) mean number of eggs was recorded in both hybrid cohorts compared to both parental lines (Table 3) . The egg eclosion rate was variable, with over 65% in all the studied cohorts and over 85% (86% and 87%) in both hybrid cohorts. No significant differences (X 2 = 0.06, df = 1, P>0.93) were observed between hybrid cohorts were compared. A similar lack of significance (X 2 = 0.07, df= 1, P>0.77) was also recorded when parental lines were compared. In contrast, a significantly higher (X 2 = 39.10, df = 2, P<0.001) percentage of hatched eggs was recorded in hybrids compared with the parental lines ( Table 3 ). The average incubation period was approximately 19 d for all cohorts, with no significant differences among them (Table 1) .
DISCUSSION
The median egg-to-adult development times of the parental lines M. pallidipennis and M. bassolsae fit with previously published data (Martínez-Ibarra et al. 2006) . Shorter median egg-to-adult development times of hybrids compared with their parental species mean a higher fitness of descendants from interspecific crosses. This could represent an advantage for hybrid descendants because the faster the nymphs turn into adults, the shorter the period required to increase the population size. Similar results were recorded for F1 hybrid offspring of the epidemiologically important Mexican species M. pallidipennis and M. picturatus as well as of M. phyllosomus and Triatoma recurva (Stål) (Martínez-Ibarra et al. 2015 , Díaz et al. 2017 . This latter species is considered as an important vector in the United States (Bern et al. 2011) .
Specimens of the four studied cohorts required a low number of blood meals to molt, which suggests a higher fitness. This would be an advantage because a triatomine may be at risk each time it leaves the harborage to locate a host (Zacharias et al. 2017) . The accumulative mortality of M. bassolsae was noticeably higher in moltings from the 1 st to the 2 nd instar, from the 5 th instar to the adult stage, and in the total percentage, in comparison to the other three studied cohorts. Similarly, total mortality rates in M. pallidipennis were higher than those for both hybrid cohorts. This parameter also suggests the presence of an increase in the fitness of hybrid descendants. As previously reported for T. recurva, M. phyllosomus, M. mazzottii, and their hybrids, death in the youngest nymphs seemed to be caused by inability to feed, as dead triatomines were generally found without substantial intestinal content. On the other hand, the death of older nymphs appeared to occur during molting (Martínez-Ibarra et al. 2015 , 2017 . The percentage of adult females at the end of the life cycle was similar among three of the studied cohorts, except for M. bassolsae, which had a lower percentage. Eggs laid per female were higher in both hybrid cohorts, laying nearly twice the number of eggs as laid by the M. bassolsae parental cohort. This is another example of an increased fitness in the hybrid descendants. With more females laying a higher number of eggs, the possibility of having a larger population of triatomines increases, which should result a higher risk of having infected insects by T. cruzi (Breniere et al. 2017) . Moreover, the average incubation period was approximately 19 d, which reflected the favorable maintenance conditions for the development of these populations and their hybrid descendants. The recorded egg eclosion rates of the four studied cohorts were high, but even higher in the hybrids, which also indicates an increase in fitness.
The results presented here indicate that, for the experimental conditions employed herein, in four of the six studied parameters, the fitness variables of the hybrids were higher than of the parental cohorts, and similar to the best parental in the number of meals to molt and in the percentage of produced females. The results indicate that interbreeding of the studied species could lead to an increase in fitness of hybrids in those areas where both studied species overlap. In summary, hybrid descendants of studied populations of M. pallidipennis and M. bassolsae have outstanding biological characteristics leading to a better fitness than their parents, which suggests a higher capacity of surviving and then increasing the risk of transmission of T. cruzi to human and animal populations. These results are comparable to published studies (Mas-Coma and Bargues 2009 , Almeida et al. 2012 , reporting outstanding behaviors from triatomine hybrids in respect to parental lines. This current study contributes to increasing our knowledge of the role of triatomine hybrids in the transmission of T. cruzi to reservoir hosts. An active surveillance and an assessment of the vectorial capacity of triatomine populations co-existing in overlapping areas is necessary in order to understand the threat posed by triatomine hybrids.
